SCHEME 1.
A bilayer cup setup is used to monitor the ion-channel activity of Hsc70. The two chambers (cis and trans) are separated via a 150-µm-diameter aperture where the bilayer is formed. In all experiments, potential is applied to cis with respect to trans. Figure S1 . The ion-channel activity of proteoliposome-incorporated Hsc70 displays a linear dependence on ATP at concentrations below the saturation point. (Top) Typical current-time trace using the 'liposome method' to induce Hsc70 insertion into a planar lipid bilayer. Titration is performed in a bilayer chamber containing symmetric concentrations of 200 mM KCl, with Hsc70 proteoliposomes added to the side that did not contain ATP (cis). A membrane potential of +100mV is applied, and control measurements are taken in the presence and absence of Hsc70. (Bottom) The titration curve, showing the charge flux generated across the membrane, exhibits a linear dependence up to 3.0 mM ATP, and shows a reproducible decrease in ionchannel activity above this concentration level. In these titration experiments, the amount of total Ca 2+ ion in the solution is 0.5 mM, which is the same for all experiments performed prior to titration. 2+ is experimentally tested by increasing the total Ca 2+ concentration to approximately 1.0 mM, while maintaining all other experimental conditions as described above (Fig. S1 ). Immediately after doubling the total Ca 2+ concentration, drastic current fluctuations (or charge flux) occurred, which indicates that an increase in Ca 2+ concentration overcomes the chelation of Ca 2+ by ATP, thereby allowing more Hsc70 channels to form across the lipid bilayer. This further verifies that Ca 2+ regulates the Hsc70 ion-channel activity when liposomes are used to induce protein insertion into a planar lipid bilayer, consistent with a previous report by Arispe, et al. S-5 Figure S3 . The ion-channel activity of directly-incorporated Hsc70 shows comparable quantitative dependence on ATP concentrations and is not Ca 2+ -dependent. Charge flux analysis of ATP titration experiments using the 'direct addition' method in comparison with the 'liposome' method. To eliminate chelation effects and liposome aggregation, the 'direction addition method' is utilized to induce Hsc70 insertion into a planar lipid bilayer using the same experimental conditions described above (Fig. S1 ). With increasing concentrations of ATP added to the cis side of the bilayer chamber, the directly-incorporated Hsc70 ion channel generated proportional increases in the charge flux across the membrane. No significant reduction in ion-channel activity is observed at 4 mM ATP, rather, the current signals steadily increased from 1-4 mM ATP. This demonstrates that the 'direct addition' method removes significant chelation and liposome aggregation effects when compared to the 'liposome method', and still produces a comparable quantitative relationship between the Hsc70 ion-channel activity and ATP. 
